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Effects of free boundary condition on ideal 
pressure-driven eigenmodes in three-dimensional 
equilibria are investigated. The Mercier-
unstable MHD equilibria are created under the 
currentless condition with the broad pressure 
profile: {3(r) = {30 (1 - r 2 )(1 - r 18 ) in an LHD 
configuration with Raxis = 3.6m. The ideal 
MHD stability for the Fourier space of the per-
turbation with n ~- 14 is investigated by using 
CAS3D2F code under the fixed or free boundary 
condition. Since n :S M (toroidal field period), 
toroidal mode coupling between equilibrium and 
perturbation is negligible, so that unstable eigen-
modes have basically same properties as those 
in tokamaks. Thus, the semi-quantization con-
dition of ballooning modes is applied to eigeh-
modes in order to distinguish them [1]. 
In Fig.1, the square of the growth rate as 
a function of the toroidal mode number n: 
1 2 (n, Nr = 0), is shown for high-{3({30 = 8%) 
equilibrium. The open squares and open cir-
cles indicate 1 2 for free and fixed boundary 
conditions, respectively. It is understood from 
Fig.1 that the pressure-driven modes have a ten-
dency to localize in the radial direction as the 
mode number increases, so that the difference of 
growth rate bet-ween free and fixed boundary be-
comes small as n increases. Moreover, the differ-
ence of the boundary condition causes the change 
in the characteristics of 1node as is shown in 
Figs.2-(a) [n = 2 interchange mode under fixed 
boundary] and (b) [n = 2 tokamak-like balloon-
ing mode under the free boundary 1, where the 
Fourier components of the radial displacement 
({· V'l/J)mn vs rare plotted. In Fig.1, modes with 
n ~ 4 (n 2: 6) are interchange (tokamak-like bal-
looning) for fixed boundary. For free boundary, 
all modes shown in Fig.1 are tokamak-like bal-
looning modes. The reason is considered as fol-
lows: For low-n modes, the mode rational sur-
face of each Fourier component is well separated. 
Thus, under the fixed boundary, the restric-
tion that the amplitude of each Fourier mode 
((. V'l/J)mn must vanish independently makes ef-
fects of overlapping of Fourier modes weak, lead-
ing to interchange mode. On the other hand, 
under the free boundary, ( { · V 'ljJ )mn is finite at 
the plasma boundary. Thus, the radial struc-
ture decays slowly from the mode rational sur-
face to the boundary, which enables the Fourier 
modes to overlap in the radial direction. Hence, 
low-n tokamak-like ballooning modes occur un-
der the free boundary in such high-{3 equilibria 
that higher-n 1nodes become tokamak-like bal-
looning modes even for the fixed boundary. 
For low-{3({30 = 4%) equilibria, all observed 
modes are interchange modes under the fixed 
boundary. Figure 3 shows the difference of the 
growth rate between fixed and free boundary 
conditions. It is understood that all modes ex-
cept for n = 1 are localized fairly away from the 
plasma boundary. Since the {3 value is not so 
high, tokamak-like ballooning modes do not ap-
pear even for free boundary as is shown in Figs.4-
(a) and (b) [ n = 1 mode] 
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